Abstract. The aim of the present study was to evaluate the effects of baicalein on human endometrial stromal cells in vitro. Ectopic endometrium samples were obtained from 6 female patients with ovarian endometriosis who underwent laparoscopic surgical procedures from July to September 2015. After culturing the cells, immunocytochemistry was performed to verify the purity and homogeneity of the endometrial stromal cells, and a Cell Counting Kit-8 assay was used to evaluate cell viability. In addition, cell cycle progression was analyzed using flow cytometry, and the effects of baicalein on the expression of B-cell lymphoma 2 (Bcl-2), Bcl-2-associated X protein (Bax), proliferating cell nuclear antigen (PCNA) and cyclin D1 in endometrial stromal cells were evaluated using western blot analysis. The related signaling pathways were also investigated by incubating cells with inhibitors of signaling pathways, prior to adding 40 µM baicalein for 48 h, followed by analysis of cell viability using a Cell Counting Kit-8 assay. The results indicated that treatment with baicalein significantly induced a dose-dependent decrease (P<0.05) in the viability of human endometrial stromal cells, which was abolished by inhibition of the nuclear factor (NF)-κB signaling pathway. However, baicalein treatment did not induce a time-dependent decrease in viability, as cell viabilities between the 24, 48 and 72 h treatment groups did not differ significantly. The number of cells in the G0/G1 phase significantly increased following treatment with baicalein (P<0.05), while the number of cells in the S and G2/M phases significantly decreased (P<0.05).
Introduction
Endometriosis is a benign, hormone-dependent disease that affects at least 10-15% of women of reproductive age (1) . Endometriosis is characterized by immunological and inflammatory reactions in the pelvis, as well as the presence of a functional endometrium outside of the uterine cavity, which leads to pelvic pain and infertility. Although numerous studies have focused on endometriosis, its underlying pathogenic mechanisms remain unknown. An established hypothesis for the pathogenesis of endometriosis is retrograde menstruation, which was proposed by Sampson in 1927 (2) . Surgery and medicine are current treatment options for endometriosis. Although endometriotic lesions may be removed during surgery, complete elimination of the lesions is rarely achieved, and post-operative relapse typically occurs (3) . The hypo-estrogenic status caused by pseudopregnancy therapy, such as oral contraceptives, and pseudomenopause therapy, such as gonadotropin-releasing hormone-analogs, are often effective in the short-term treatment of endometriosis; however, associated side effects limit the use of these therapies in the long-term (4) . Therefore, safe and effective treatments for endometriosis in the long-term are required.
Although endometriosis is a benign disease, previous results have suggested that it represents the initial stages of neoplastic processes (5) . In particular, atypical endometriosis may represent a transitional stage between benign disease and cancer. Common features shared by endometriosis and cancer include the ability to evade apoptosis, adult stem cell-like dysregulation, neovascularization, a progressive course, implantation at distal sites, the creation of a microenvironment that enables Baicalein reduces endometriosis by suppressing the viability of human endometrial stromal cells through the nuclear factor-κB pathway in vitro cells to become anchorage-independent, and mobilization of the immune system (6) .
Baicalein (5,6,7-trihydroxyflavone) is a component derived from the root of Scutellaria baicalensis Georgi, a plant traditionally used in Chinese herbal medicine (7) . This compound possesses antioxidant activity (8) (9) (10) and has been documented to have numerous pharmacological properties, including anti-inflammatory, anti-bacterial, anti-viral, anti-allergy, anti-oxidation and cytoprotective effects (11) . The anti-tumor effects of baicalein have been the focus of recent studies. For instance, cellular and animal experiments have demonstrated that baicalein exerts strong anti-tumor effects by acting on multiple signaling pathways, including those involved in cell proliferation, apoptosis, caspase activation, tumor suppression, death receptor activation, mitochondrial function and protein kinase activation (12) (13) (14) (15) . Previous results have also verified that baicalein serves a key role in the inhibition of tumor cell proliferation, particularly in ovarian cancer (16) . However, to the best of our knowledge, no studies have been conducted to investigate the effect of baicalein on endometriosis.
As baicalein exhibits a wide range of anti-tumor effects, is easily obtained, produces little toxicity, causes few side effects, and has demonstrated potential in treating cancer (17) , it may be a promising therapeutic agent in the treatment of endometriosis. In the current study, the effect of baicalein on human endometrial stromal cells was evaluated in vitro.
Materials and methods
Patients and sample collection. The procedures for the collection of tissue samples were approved by the Ethics Committee of the Obstetrics and Gynecology Hospital of Fudan University (Shanghai, China). All patients signed an informed consent form in compliance with the code of ethics of the World Medical Association (The Declaration of Helsinki). All ectopic endometrium samples were collected from 6 female patients with ovarian endometriosis who underwent laparoscopic surgical procedures at the Obstetrics and Gynecology Hospital of Fudan University from July to September 2015. The patients were 25-42 years old, had regular menstrual cycles. Patients who had received hormonal therapy or antibiotics for at least three months prior to surgery were excluded. After collection, the tissue samples were immediately used for the isolation and culture of human endometrial stromal cells.
Isolation and culture of human endometrial stromal cells.
Endometrial stromal cells were separated from the isolated endometrial tissues as described previously (18) . Briefly, the tissue was finely minced and the cells were dispersed by incubation in Dulbecco's modified Eagle's medium DMEM/F-12 (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) containing 1x antibiotics (penicillin-streptomycin solution) and 2 mg/ml collagenase II for 60 min at 37˚C with agitation. The dispersed endometrial cells were separated by filtration through a 100 µm filter followed by a 300 µm filter. The endometrial glandular epithelium was retained by the sieve, while the dispersed stromal cells passed through the sieve into the filtrate. The stromal cells were pelleted by centrifugation at 200 x g for 9 min at room temperature and suspended in DMEM/F-12 containing antibiotics (1% penicillin-streptomycin solution) and fetal bovine serum (FBS; 10%, v/v; Sigma-Aldrich; Merck KGaA, Darmstadt, Germany). The cells were divided into two culture bottles after each extraction, then cells were cultured at 37˚C in a humidified atmosphere containing 5% CO 2 and the medium was replaced with fresh medium every 48 h. The cells were passaged when they reached 80% confluence and totally cells were passaged twice.
Immunocytochemistry. Following 72 h of subculture, cells were fixed with 4% paraformaldehyde for 30 min at room temperature. After blocking with rabbit serum (1:200; Beyotime Institute of Biotechnology, Haimen, China), the cells were incubated with rabbit anti-human vimentin (ab92547; 1:200; Abcam, Cambridge, UK) or rabbit anti-human cytokeratin 7 (CK7) antibodies (ab68459; 1:200; Abcam, Cambridge, UK) overnight at 4˚C. After three 15 min washes in PBS (pH 7.4), the cells were incubated with a mouse anti-rabbit antibody at room temperature (sc-2357; 1:50; Santa Cruz Biotechnology, Inc., Dallas, TX, USA) for 60 min. The slides were subsequently washed in PBS and incubated with 0.01% 3,3-diaminobenzidine tetrahydrochloride (Beyotime Institute of Biotechnology) for 2 min. The cells were then stained with chromogen substrates (Beyotime Institute of Biotechnology) for 3 min and counterstained with hematoxylin. Analysis was carried out under a light microscope at x400 magnification and an estimation based on microscopic observations. When >98% of cells were positive for vimentin staining and <2% of cells were negative for CK7 staining, it was considered that a homogeneous population of endometrial stromal cells had been isolated.
Cell viability. Cell viability was estimated using a Cell Counting Kit-8 (CCK-8; Dojindo Molecular Technologies, Inc., Kumamoto, Japan). Cells were seeded into 96-well plates at a density of 10,000 cells/well in DMEM/F-12 containing 10% FBS at 37˚C. After 24 h of culture, the medium was replaced with DMEM/F-12 without FBS and cultured at 37˚C for 12 h . Baicalein was added to DMEM/F-12 containing 10% FBS to obtain concentrations of 0, 5, 10, 20, 40, 80, 160 µM and each concentration was added to separate wells (3 wells for each concentration). At 24, 48 or 72 h after the addition of baicalein, the media was removed and CCK-8 reagent was added to each well, and the plates were incubated at 37˚C for 90 min. Absorbance at 450 nm was then measured on a microplate reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA). A culture solution containing CCK-8 reagent without cells served as a blank control (BC). Cell viability rates were expressed as the ratio of the absorbance values from the experimental group to those of the negative control (0 µM) group.
Western blot analysis. Cells were lysed in ice-cold radioimmunoprecipitation protein lysis buffer (Beyotime Institute of Biotechnology) and protein concentration was measured using a bicinchoninic assay kit (Beyotime Institute of Biotechnology). Equal amounts of total protein (40 µg per lane) were solubilized in sample buffer by boiling for 5 min, then subjected to electrophoresis on 12% SDS-PAGE and transferred onto a nitrocellulose membrane (Bio-Rad Laboratories, Inc.). The membranes were incubated with a blocking buffer [1X Tris-buffered-saline (TBS) containing 5% non-fat, dried milk and 0.1% Tween-20] for 1 h at room temperature. Membranes were then incubated with 1:1,000 dilutions of rabbit anti-human B-cell lymphoma 2 (Bcl-2), Bcl-2-associated X protein (Bax), proliferating cell nuclear antigen (PCNA), cyclin D1, β-actin and β-tubulin (cat. no. 4223, 14796, 2586, 2978, 4970 and 2128, respectively, all from Cell Signaling Technology, Inc., Danvers, MA, USA) overnight at 4˚C. The next day, the membranes were washed three times in TBS containing 0.1% Tween-20, then incubated for 60 min with a horseradish peroxidase-conjugated secondary antibody at room temperature (cat. no. 14708; 1:1,000; Cell Signaling Technology, Inc.). The protein bands were visualized using an enhanced chemiluminescence kit (Beijing Transgen Biotech Co., Ltd., Beijing, China). The densities of the bands were quantified using Quantity One Analysis software v4.62 (Bio-Rad Laboratories, Inc.) and normalized against the intensities of β-actin and β-tubulin. Statistical analysis. All statistical analyses were performed using SPSS 16.0 software (SPSS, Inc., Chicago, IL, USA). Statistical comparisons were performed using a Kruskal-Wallis test for three or more groups and the Wilcoxon signed-rank test for two groups. Data are presented as the median ± interquartile range of three independent experiments. P<0.05 was considered to indicate a statistically significant difference.
Results
Verification of endometrial stromal cell purity and homogeneity. The purity and homogeneity of the stromal cell preparation were verified by immunocytochemistry using an antibody against vimentin, as a specific marker of stromal cells, and an antibody against CK7, as a specific marker of epithelial cells (6) . After 3-4 cell passages, based on an estimation of microscopic observations, the vimentin staining was positive (>98% of cells; Fig. 1A ) and the CK7 staining was negative (<2% of cells; Fig. 1B ), indicating that a homogeneous population of endometrial stromal cells had been isolated.
Effect of baicalein on endometrial stromal cell viability.
The effect of baicalein on the growth of human endometrial stromal cells in vitro was observed by light microscopy ( Fig. 2A-C) and measured using a CCK-8 assay. As depicted in Fig. 2D , increasing concentrations of baicalein (0, 5, 10, 20, 40, 80 and 160 µM) were administered for 24, 48 and 72 h, and the effect on cell viability was evaluated. As depicted in Table Ι , after 24, 48 and 72 h, baicalein induced a dose-dependent decrease (P<0.05) in the viability of human ectopic endometrial cells. Compared with 0 µM group, the viability of cells was decreased significantly in 5 µM group, indicating that the minimum effective concentration of baicalein was 5 µM and the half maximal inhibitory concentration was 80 µM. The growth rates of endometrial stromal cells at 24, 48 and 72 h did not differ significantly. These results suggest that baicalein may reduce the viability of human endometrial stromal cells. Immunocytochemistry was used to assess the levels of (A) vimentin (brown staining) and (B) cytokeratin 7 (no brown staining) expression in cells isolated from 6 female patients presenting with ovarian endometriosis. Magnification, x400. Effect of baicalein on endometrial stromal cell cycle progression. To determine the effects of baicalein on cell cycle progression, flow cytometry analysis was performed. As depicted in Table II , the number of cells in the G1 phase significantly increased following treatment with baicalein for 48 h, relative to the control (P<0.05), while the number of cells in the S and G2/M phases significantly decreased following baicalein treatment (P<0.05).
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Effect of baicalein on the protein expression level of Bax,
Bcl-2, PCNA and Cyclin D1. The effect of baicalein on the expression of apoptotic proteins was evaluated. As depicted in Fig. 3 and Table III , the level of Bax protein did not change significantly, while the level of Bcl-2 protein significantly decreased following baicalein treatment, relative to the control (P<0.05). The expression of PCNA was also used to evaluate cell proliferation following treatment with baicalein. It was observed that treatment with baicalein caused a significant decrease in the level of PCNA protein compared with the control (P<0.05; Fig. 3 and Table III ). In addition, levels of Cyclin D1, as a marker of the M to G1 transition of the cell cycle, were significantly reduced by baicalein treatment when compared with the control (P<0.05; Fig. 3 and Table III) .
Effect of baicalein on endometrial stromal cell viability after inhibition of signaling pathways.
To investigate the signaling pathways related to baicalein activity in endometrial stromal cells, the viability of endothelial stromal cells was evaluated following treatment with baicalein and inhibitors of different signaling pathways. As depicted in Table IV , the inhibitor of NF-κB signaling (BAY-11-7080) reversed the decrease in cell viability induced by baicalein. By contrast, the viabilities of cells treated with Akt, p38/MAPK, ERK1/2, STAT3, JNK or STAT5 inhibitors remained significantly reduced by baicalein treatment, relative to the control (all P<0.05; Table IV ). These results suggest that the inhibitory effects of baicalein on endometrial stromal cells may involve NF-κB signaling.
Discussion
Endometriosis is among the most prevalent types of benign gynecological diseases, and shares a number of characteristics with tumors (19) . Current treatments for endometriosis involve surgery and the administration of hormones. However, the high recurrence rates of endometriosis and the various side effects of treatments (20) limit their clinical application. Therefore, recent studies have focused on identifying therapeutic strategies with greater efficacy. In China, traditional herbal preparations account for 30-50% of the total medicinal consumption (21) . Traditional medicine is popular in all regions of the developing world, and its use is spreading in developed countries (22) . In recent years, medicinal herbs have become popular for the management of symptoms associated with endometriosis (23, 24) .
The effects of baicalein have been studied in numerous types of malignancy, including osteosarcoma, gallbladder Table II . Effect of baicalein on endometrial stromal cell cycle progression measured by flow cytometry analysis. cancer, breast cancer and gynecologic tumors such as ovarian cancer (23, 25, 26) . Baicalein has been found to be active against a variety of cancer cell types by inhibiting cell proliferation and inducing apoptosis (27) (28) (29) . However, the underlying mechanisms of action of baicalein are not well understood. Baicalein is considered to be of increasing importance due to its involvement in the suppression of many tumor-related processes, including oxidative stress, apoptosis, proliferation and metastasis (30, 31) . Baicalein may have multiple targets that subsequently interact with a variety of proteins to modify the activity and expression of downstream target proteins, such as caspase-3, cyclin D, NF-κB and so on (32) . Thus, baicalein may be a potential candidate for use in the treatment of cancer.
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Due to the reported anti-tumor properties of baicalein and the relationship between endometriosis and cancer, the current study aimed to evaluate the therapeutic potential of baicalein in endometriosis. The effect of baicalein on endometrial stromal cell viability was assessed in vitro to provide a theoretical foundation for its use in the treatment of endometriosis, and to gain insight into the pathogenesis of this disease. It was observed that 5 µM baicalein significantly reduced the viability of human endometrial stromal cells, and that this effect was more pronounced with increasing doses of baicalein. In turn, the suppressive effects of baicalein were abolished by treatment with an inhibitor of the NF-κB signaling pathway. Treatment with baicalein also reduced the expression of the anti-apoptosis protein Bcl-2, indicating that baicalein may induce apoptosis in human endometrial stromal cells. Furthermore, results obtained from cell cycle analysis indicated that the number of cells in the G1 phase increased following treatment with baicalein when compared with control cells, while the number of cells in the S and G2/M phases decreased. Therefore, baicalein effectively caused G1 phase cell cycle arrest in endometrial stromal cells. Future studies are now required to further evaluate the activity of baicalein, particularly regarding its potential effects on angiogenesis, inflammation and immunity.
In conclusion, the present study observed that baicalein significantly reduced the viability of endometrial stromal cells in vitro, potentially through mediation of the NF-κB signaling pathway. Baicalein also induced apoptosis and promoted G0/G1 phase cell cycle arrest of endometrial stromal cells. Table IV . Effect of signal pathway inhibition on endometrial stromal cell viability. 
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